Center develops and promotes effective corporate and public policies for low-probability events with potentially catastrophic consequences through the integration of risk assessment, and risk perception with risk management strategies. Natural disasters, technological hazards, and national and international security issues (e.g., terrorism risk insurance markets, protection of critical infrastructure, global security) are among the extreme events that are the focus of the Center's research.
Introduction

35
Inland riverine flooding from tropical cyclones (TCs) is responsible for significant economic 36 losses in the United States [e.g., Pielke et al. 2008 , Mendelsohn et al. 2012 , Peduzzi et al. 2012 United Furthermore, even if the loss assessment was focused inland, broadly accepted procedures for the 46 regional characterization and quantification of the spatial structure of TC flooding -essential for a proper assessment -are not available.
48
Here we address this knowledge gap through a novel approach that combines the two critical 49 hazard and loss data elements. First, we apply new quantification methods of the spatial structure 50 of TC-related flood magnitudes at the regional scale; and second, we benefit from a unique 51 access to the entire portfolio of the federally-run National Flood Insurance Program (NFIP) that 52 underwrites the vast majority of residential flood insurance policies throughout the United States.
53
This combination of methods and data allows for a detailed characterization of homeowners' 54 flood claims at a given inland-focused location, which we do for Hurricane Ivan (2004) . Not 55 only was Ivan one of the most devastating and costly tropical cyclones to ever hit the U.S., third 56 largest flood event covered by the NFIP (King 2011), it impacted a very geographically 57 expansive area of 23 U.S. states. Thus, it is an ideal application to validate our proposed inland 58 flood loss assessment methodology across a large impacted region.
59
We show that 19,273 (67%) of the total residential flood insurance claims due to Hurricane Flood hazard characterization has long focused on development of methods to estimate the 72 flood discharge at a particular location along a river with a specified return period, or 73 alternatively assessing the return period of a flood peak with specified discharge. Assessing 
84
We propose a data-driven approach to flood hazard characterization based on discharge paper we describe the "samples" that are the basis for empirical probability estimates.
95
We follow a data-driven approach that leverages the wealth of discharge data collected and 96 disseminated by the U.S. Geological Survey (USGS), using the flood ratio approach recently 97 introduced by Villarini et al. [2011] . We use USGS Instantaneous Data Archive (IDA) data from only on the most recent period to limit the potential effects of human modifications of these catchments [e.g., Villarini and Smith 2010] . We then take the ratio between the flood peak 104 associated with Ivan and the corresponding at-site 10-year flood peak. In this way, when this 105 ratio has a value of "1," for instance, it indicates that Ivan caused a flood peak that was equal to provides a significant NFIP loss sample to use for this assessment.
143
As we are focused on analyzing inland riverine flood losses, we exclude all losses explicitly 144 due to "tidal water overflow" as classified by the NFIP (i.e., storm surge losses), resulting in a Hurricane Ivan occurring anywhere in these states (Table S2 ). As it is well documented that low estimates indicate that having a higher flood ratio value along its continuum decreases the odds 240 of a census tract experiencing a zero claim observation by 99%; while a low NFIP market 241 penetration increases the odds of experiencing a zero-claim observation by 77%.
242
As a straightforward illustration of how these empirical results can be utilized we take the 243 coefficient estimates from Table 1 
Implications
254
The presentation and analysis of the combination of spatial information on flood magnitudes 255 and flood insurance claims is novel. Overall, the geographic and descriptive analyses presented 256 here explicitly highlight that the damage associated with TCs is not limited to the coastal areas 257 close to landfall, but affect substantial regions inland. And these inland regions do not 258 necessarily have to be along the TC path, but can be areas several hundred kilometers away from 259 the center of circulation of the storm, but still severely be affected by its passage. This is clearly 260 an important result that is not well known: as we show, many of residents in these zones had not 261 purchased flood insurance.
262
Most significantly, the new methodology proposed here allows to quantify on a very large 263 scale (23 states were studied here) the relationship between inland flooding peak magnitudes and 264 incurred flood insurance claims. For an impacted census tract, the quantified census tract flood 265 peak ratio we have introduced is found to be a key driver of the probability of any one claim likely that more of them will be better protected financially because they will more fully 281 understand that hurricanes are likely to impose major flood losses inland as well. As a result they 282 will be able to get back on their feet more quickly after the next catastrophe, an important move Determining Tropical Cyclone Inland Flooding Loss on a Large-Scale through a New Flood Peak Ratio-based Methodology 
